A ccessory atrioventricular (AV) connections may be located anywhere along the left and right free walls of the heart or within the septum, except the mitral annular area between the left and right fibrous trigones.' Precise anatomic identification of accessory pathway location is a prerequisite for successful ablative therapy, whether surgical"2 or electrical.3-5 Although surgery allows detailed intraoperative mapping under visual control and under consideration of anatomic structures adjacent to the accessory AV connection, catheter ablation techniques rely exclusively on the analysis of endocardial electrogram recordings obtained during accessory pathway conduction.
The septal region is a complex anatomic entity that contains major parts of the specific conduction system. Although surgical ablation of septal pathways in specialized centers is associated with a very low failure rate, sometimes induction of complete heart block cannot be avoided."2'6'7 This has been particularly true for "intermediate" septal accessory pathways. The term was introduced in 1986 by Gallagher et al8,9 to define accessory AV connections in patients whose surface ECG suggested an anteroseptal location of a pathway confined to the posteroseptal space.
A recent study showed that anteroseptal accessory AV pathways can be interrupted, without impairment of His bundle-AV nodal conduction, by applying radiofrequency current from a right atrial catheter position.10 The present report describes catheter ablation of AV bypass tracts located in the septum between the tip of the His bundle catheter and the coronary sinus ostium. The location of these pathways was called "midseptal."" Methods 
Patients
The patient cohort presented in this report consisted of two women and four men with a mean±SD age of 40±12 years. All were free of organic heart disease. Five patients had Wolff-Parkinson-White syndrome, and one had a concealed accessory pathway. In one patient, the accessory pathway conducted intermittently in anterograde but permanently in retrograde direction (intermittent Wolff-Parkinson-White syndrome). Another patient was found to have additional anterogradely conducting pathways at right anteroseptal and left lateral locations, respectively.
Symptoms included frequent and/or disabling palpitations in all patients, associated with dizziness in one. The duration of symptoms ranged from 1 to Radiofrequency current was applied in a unipolar fashion between the tip electrode of the mapping/ ablation catheter and a patch electrode on the patient's back at sites where large atrial and ventricular potentials were recorded (reflecting a catheter position directly at the tricuspid annulus) in conjunction with an accessory pathway potential (Figures 2 and 3) . Current was delivered in the four patients with consistent man- ifest Wolff-Parkinson-White syndrome during sinus rhythm ( Figure 4 ) and in the patient with intermittent Wolff-Parkinson-White syndrome and the patient with a concealed accessory pathway during orthodromic AV tachycardia (termination of the tachycardia due to loss of retrograde atrial activation would indicate conduction block in the accessory pathway [ Figure 5 ]). After successful ablation of an accessory pathway, one additional "safety" application was given after 1 
Statistical Analysis
Data are presented as mean +1 SD, where appropriate. In cases of an asymmetrical distribution of measured parameters, the median value is given instead of the mean.
Results
Surface ECG Concordant surface ECG features were found in the five patients with anterogradely conducting pathways ( Table 1 ). The delta wave polarity was uniformly positive in leads I, II, aVL, and V2-V6; predominantly negative in leads III and aVF; and either flat (isoelectric) or negative in leads aVR and V,. Figure 6 gives a representative example.
General Ablation Data
Seven ablation sessions were performed in the six patients and resulted in permanent abolition of accessory pathway conduction in all of them (Table 2 ). This was achieved in a single ablation procedure, except for patient 3, in whom conduction across the midseptal pathway recurred 2 hours after conclusion of the initial session, necessitating a repeat session the next day. Table 3 for the 30°right and left anterior oblique fluoroscopic views. They represent in all patients a position of the ablation catheter posterior to the bundle of His but anterior to the ostium of the coronary sinus ( Figure 7 ). Accessory pathway potentials were recorded in all patients. Of note is that in three patients, multiple accessory pathway potentials were found. Table 3 summarizes, for the ablation catheter positioned at the site of the eventually successful pathway interruption, the conduction intervals related to an accessory pathway potential as well as the amplitude ratio of atrial and ventricular potentials. During anterograde conduction, the accessory pathway potential preceded the local ventricular potential and the onset of the delta wave by 17±8 and 21+11 msec, respectively. The atrial/ventricular deflection amplitude ratio ranged from 0.1 to 14.3, with a median of 2.2.
Effect on AV Conduction
Pertinent electrophysiological data are summarized in Table 4 . Complete heart block was not induced in any patient. Impairment of AV conduction after radiofrequency current application to the midseptal accessory pathway was observed only in patient 4, in whom the pathway had concealed conduction properties; intranodal conduction time had increased from 80 to 140 msec (first-degree AV conduction block). It is of note that in this patient the tip electrode of the ablation catheter was farther from the coronary sinus ostium than was the case in the other patients (Figure 8) , suggesting a position of the ablative electrode close to the AV node. There were no acute or late complications related to the ablation procedure.
Associated Accessory Pathways
The associated accessory pathways present in patient 3 were successfully interrupted by radiofrequency current application in the initial ablation session.
Follow-up
During a follow-up period of 16 sociated with a risk of producing right bundle branch block yet has a lower incidence than was observed using a ventricular approach.14
Catheter Ablation of Midseptal Pathways
In this study, positioning of the ablation catheter at the midseptal region was guided by the direct recording of accessory pathway activation potentials.'s These potentials were obtained in all patients. Thus, the catheter was positioned at the site of the atrial insertion of the accessory pathway in all patients. 16 Of note is that in three patients, multiple accessory pathway potentials could be recorded through the same catheter electrode, suggesting a pathway diverging into multiple strands. Another plausible explanation may be the oblique course of midseptal pathways on the right atrial septal surface, which makes them more parallel with the ablation catheter. Such a high incidence of multiple accessory pathway potentials has not been reported for other accessory pathway sites.10,'7 On average, the accessory pathway potential preceded the onset of the delta wave by 21 msec. The local ventricular potential preceded the onset of the delta wave in two patients and coincided with it in three.
At sites where accessory pathway potentials were recorded, fluoroscopy revealed that the ablation catheter was positioned in the posterior aspect of the triangle of Koch, that is, closer to the coronary sinus ostium than to the AV node, in four of the five patients with manifest preexcitation. The corresponding accessory pathways gave rise to a delta wave polarity predominantly negative in leads III and aVF but positive in leads I, II, and aVL.18 In the series of Gallagher et al,8 patients also had a positive delta wave polarity in the latter three leads but isoelectric, rather than negative, polarity in leads III and aVE. Patient 2 in our series also presented with such a delta wave pattern. It indicates a midseptal accessory pathway located closer to the AV node -thus, more anterior than the majority of pathways encountered in our series. The delta wave In this patient, the initial session was concluded when all three pathways were thought to have been successfully ablated. However, accessory pathway conduction across the midseptal pathway recurred after 2 hours, necessitating a repeat session the next day. This was completed successfully, using a single catheter introduced from the right femoral vein. As for pathways located right posteroseptally and posteriorly,3.'9 the femoral approach was always used in this study, with the catheter placed in the majority of patients so that the amplitude ratio of local atrial and ventricular potentials well exceeded unity.
Effect on AV Conduction Prolongation of anterograde AV nodal conduction time after radiofrequency current application to the midseptal pathway was observed only in the patient with a concealed accessory pathway. However, this impairment of AV nodal conduction was not associated with an apparent change of 1:1 AV conduction. Because a single 30-second radiofrequency pulse sufficed for ablation of the accessory pathway in this patient, a rather close anatomic relation of the pathway to the AV node can be assumed. This was confirmed by fluoroscopy. To avoid first-degree or even higher degree AV conduction block in a situation where an accessory pathway potential is recorded from a midseptal site nearer to the AV node than to the coronary sinus ostium, it might be advisable to start the ablation attempt with low energies (10-15 W) and increase ablative energy only if no effect is achieved.
Methodology
Regardless of accessory pathway location, there remains uncertainty as to why in one patient 30 radiofrequency current pulses were necessary for permanent abolition of accessory conduction, whereas another required only one application of current. Several factors may account for "failed" current applications. The catheter position at the tricuspid annulus may not be stable or it may not be sufficiently precise (the influence of the latter factor can be minimized if catheter positioning is guided by the recording of an accessory pathway potential rather than by activation sequences). Furthermore, the anatomy of the region containing the accessory pathway or the pathway itself may require deeper and wider lesions to destroy all pathway fibers, and, at present, this can be achieved only with multiple applications of radiofrequency current.
Study Limitations
The number of patients included in this study represent 3% of all our patients treated with radiofrequency current for accessory pathway mediated tachyarrhythmias. This number is small, but data from other investigators8,9 suggest that the general incidence of these pathways is low. Furthermore, a 16-month follow-up may be too short to judge definitively the efficacy and effects of radiofrequency current application to a midseptal site. This is particularly true for the long-term effect on AV nodal conduction. However, in our laboratory, we have not seen the impairment of AV nodal conduction occurring more than 1 week after an electrical intervention, even when radiofrequency current had been directed intentionally toward the AV node to modify (without interrupting) AV nodal conduction in patients with atrial fibrillation or flutter.20
Conclusions
Catheter ablation of midseptal accessory pathways using radiofrequency current is effective and appears to be safe. In contrast to surgical techniques, complete heart block was never induced. Impairment of AV nodal conduction was observed in one of six patients. Longterm data obtained from larger series of patients will be needed for further evidence that this approach is potentially the treatment of first choice for patients suffering from tachyarrhythmias mediated by a midseptal accessory pathway. However, in experienced centers, it should definitively be used before surgical intervention is contemplated.
